Poverty is associated with increased risk of ESRD, but its contribution to observed racial differences in disease incidence is not well-defined. To explore the contribution of neighborhood poverty to racial disparity in ESRD incidence, we analyzed a combination of US Census and ESRD Network 6 data comprising 34,767 patients that initiated dialysis in Georgia, North Carolina, or South Carolina between January 1998 and December 2002. Census tracts were used as the geographic units of analysis, and the proportion of the census tract population living below the poverty level was our measure of neighborhood poverty. Incident ESRD rates were modeled using two-level Poisson regression, where race, age and gender were individual covariates (level 1), and census tract poverty was a neighborhood covariate (level 2). Neighborhood poverty was strongly associated with higher ESRD incidence for both blacks and whites. Increasing poverty was associated with a greater disparity in ESRD rates between blacks and whites, with the former at greater risk. This raises the possibility that blacks may suffer more from lower socioeconomic conditions than whites. The disparity persisted across all poverty levels. The reasons for increasingly higher ESRD incidence among US blacks as neighborhood poverty increases remain to be explained.
The higher incidence of ESRD among ethnic minorities in the United States was first recognized almost three decades ago. 1 In 2004, incidence rates in blacks were almost 1000 per million compared with about 260 per million for whites. 2 The possibility that the higher ESRD burden among black Americans can be attributed to their disproportionate representation at lower socioeconomic levels has been the subject of a number of investigations 3-11 and reviews. 12, 13 Researchers have found that socioeconomic factors are associated with higher ESRD risk, 14 -16 perhaps because of barriers to health care (including delayed referral and presentation for ESRD care), lack of availability of healthy foods, exposure to environmental nephrotoxins, or other as yet unspecified factors in impoverished neighborhoods. 12 The strength of the contribution of such community socioeconomic factors to the observed racial disparities in ESRD incidence remains inconclusive (Table 1) . Contrary to expectations, adjustment for community socioeconomic status (SES) generally resulted in only a modest reduction in black-to-white relative risk for ESRD. 3,4,8 -11 Studies generally used large-area poverty measures (e.g., average per capita income in the county) to investigate the role of SES in racial disparities. Furthermore, few studies have assessed whether the relationship between community SES and ESRD risk differs for blacks and whites. The purpose of this study was to investigate the role of neighborhood poverty in observed racial differences in ESRD incidence in the southeastern United States using a small-area poverty measure, namely the percentage of the CT population living below poverty level. 
RESULTS
Between January 1, 1998, and December 31, 2002, 36,982 patients initiated dialysis therapy in ESRD Network 6 treatment facilities. Of those, 34,767 (94%) patients were Ͼ20 yr of age, had their race indicated on CMS-2728 form as "black" or "white," and resided in Georgia, North Carolina, or South Carolina. The mean age of the patients was 61 yr and the numbers of males and females were almost equal. Almost 57% of incident ESRD cases were black, compared with the adult population of the three states, which had about 25% blacks.
The unadjusted black-to-white rate ratio (B:W RR) for allcause ESRD was 3.9 (95% CI 3.8 to 4.0). As expected, age was strongly associated with ESRD incidence; i.e., individuals Ͼ60 yr of age were Ͼ10 times more likely to develop ESRD compared with those Ͻ40 yr of age (Table 2 ). Females were slightly less likely than males to have ESRD in the unadjusted analysis.
More than 50% of the white population in Georgia, North Carolina, and South Carolina resided in CTs with Ͻ10% of persons living below poverty level. In contrast, the corresponding number for blacks was 26%. Almost 40% of blacks lived in CTs with Ն20% of the population living below poverty level, compared with just 11% for whites (Table 3) .
Neighborhood poverty was associated with higher all-cause ESRD rates in the crude analysis. Compared with the CTs with Ͻ5% of the population below poverty level ("richest"), those with 5% to 9.9% of the population below poverty had 1.5 times higher incidence rate (RR ϭ 1.52, 95% CI 1.6 to 1.59), those with 10% to 14.9% had 1.8 times higher incidence rate (RR ϭ 1.79, 95% CI 1.72 to 1.87), 15% to 19.9% had 2.6 times higher incidence rate (RR ϭ 2.57, 95% CI 2.46 to 2.69), and those with Ͼ20% of the population below poverty (federal poverty areas) had Ͼ3 times higher incidence rates of all-cause ESRD ( Table 2) .
After adjustment for individual age and gender (model 1), the estimated B:W RR for all-cause ESRD increased to 5.0 (95% CI 4.8 to 5.1) compared with 3.9 in the crude model. After accounting for between-CT variation in ESRD incidence (model 2), the B:W RR was estimated at 4.4 (95% CI 4.3 to 4.5). The between-CT variance was important (statistically significant), suggesting that the geographic variation in overall ESRD rates can not be fully accounted for by differences in area age, race, and gender composition.
Next, we determined the degree to which the geographic variation in ESRD rates was comparable for blacks and whites (model 3). The estimated B:W RR was 4.3 (95% CI 4.0 to 4.6). The random effect parameter for race by CT was also statistically significant, indicating that the black-to-white disparity in ESRD incidence varied by CT after accounting for age and gender.
Next, we assessed the association of neighborhood poverty and race-poverty with ESRD incidence (model 4). The B:W RR varied across the neighborhood poverty strata; i.e., there was a statistically significant race-poverty interaction on the multiplicative scale (Table 4) . For example, in the CTs with Ͻ5% CLINICAL EPIDEMIOLOGY www.jasn.org population below poverty, B:W RR for ESRD was the largest at 4.7 (95% CI 4.1 to 5.5) and then declined with increasing neighborhood poverty to 3.2 (95% CI 2.8 to 3.6) in CTs with Ͼ25% of the population below the poverty level.
The model-derived estimates of ESRD incidence by race and CT poverty level for males and females aged 50 to 60 yr (typical age of ESRD onset) are shown in Figure 1 . The rate patterns show that higher neighborhood poverty is associated with progressively higher ESRD incidence for both blacks and whites. However, for blacks greater increases in ESRD rates are observed as neighborhood SES declines compared with whites. For example, among black males aged 50 to 60 yr, residence in neighborhoods with Ͼ25% of the population below poverty compared with neighborhoods with Ͻ5% of residents below poverty was associated with 280 excess ESRD cases per million. In contrast, for white males of the same age, the excess ESRD risk was 134 per million ( Figure 1A ).
DISCUSSION
Our main observation is that the association between neighborhood poverty and ESRD incidence differs for blacks and whites. Among blacks, neighborhood poverty was associated with a greater excess ESRD incidence than for whites. These observations suggest that if factors associated with neighborhood poverty were causal, the elimination of these factors would benefit black population more than white population with respect to ESRD incidence reduction, and the absolute difference in ESRD rates between blacks and whites would be reduced. For example, if individuals living in neighborhoods with Ͼ25% of the population below the poverty level had in fact lived in neighborhoods with Ͻ5% of the population below poverty, the estimated difference in ESRD rates between blacks and whites would be reduced from 496 to 350 per million in males aged 50 to 60 yr and from 369 to 260 per million in females aged 50 to 60 yr ( Figure 1, A and B) .
Of note, although under such conditions the absolute difference in rates between blacks and whites would be decreasing, the black-to-white rate ratio would, by contrast, be increasing slightly as community poverty decreases ( Figure  1, A and B, right) . Finally, our study suggests that even though the absolute difference in ESRD rates between blacks and whites decreases with decreasing poverty, the racial disparity persists even in the least impoverished neighborhoods.
Our finding that neighborhood poverty is associated with increased ESRD incidence is supported by a number of earlier studies. 3, 4, 6 However, the studies that examined this association by race came to varying conclusions. In the study by Byrne, Netelman, and Luke, 5 an association of ESRD incidence with SES, as measured by median income at the zip code of residence, was demonstrated for whites but not for blacks. These results are contrary to our observation of a strong association between ESRD rates and economic deprivation of the area of residence among both racial groups. In contrast, Young et al. 6 found increasing absolute difference in ESRD incidence between blacks and whites with worsening economic conditions in the county of residence. Important limitations to both of these studies included using large heterogeneous geographic areas (counties and zip codes) to define neighborhood poverty and failure to account for clustering of subjects within these geographic areas. Also contrary to our findings was an investigation of the Atherosclerosis Risk in Communities (ARIC) study population that reported that the association of neighborhood SES with chronic kidney disease was weaker and less consistent among blacks compared with whites. 17 A number of potential explanations may be offered for the patterns observed in our study. The persistence in black-towhite differences in ESRD incidence within the same level of community poverty may reflect the residual effects of income differences. For example, even within the same CT, blacks may be more economically disadvantaged than whites (i.e., may have lower income and lower wealth). We were unable to adjust for individual SES in our models, and the association of neighborhood poverty with ESRD rates and the residual racial disparities may have been diminished if we had done so.
We do not think, however, that the additional adjustment for current personal income would fully explain the persisting racial disparity in ESRD incidence within communities of similar degrees of poverty. Kidney failure develops over some period of time and socioeconomic effects likely accumulate throughout life. 18 Thus, adjusting for earlier life socioeconomic position in addition to current SES might lend further insight into the role of SES in racial disparities in ESRD incidence.
It is possible that there are individual factors other than age, gender, and individual economic status that might confound the associations of both race and neighborhood poverty with ESRD incidence, such as a range of health-seeking and risky behaviors (smoking, drug use, etc.). Without information on these factors, a potential for bias caused by uncontrolled confounding can not be eliminated.
Moreover, even with comparable individual SES, access to health care, and comparable health care-seeking behaviors for blacks and whites, racial differences in quality of delivered care may exist within communities. For example, there are documented racial differences in the detection, treatment, and control of hypertension 19 and diabetes 20, 21 as well as secondary prevention of cardiovascular disease, 22 all conditions associated with increased risk of ESRD. Variations in the control of these conditions across communities would also not be unexpected, as rural/urban differences have been reported, 23 and substantial differences in patterns of health care across communities have been extensively documented. 24, 25 The role of these factors in racial difference in ESRD incidence remains to be described. The differences in prevention in addition to lifestyle differences would result in differential prevalence of hypertension and diabetes in blacks and whites, which is recognized in the literature. For example, NHANES I to III found that age-adjusted prevalence of hypertension in blacks was significantly higher than in whites (23% versus 13% in NHANES III). 26 The gender-and age-adjusted prevalence of physician-diagnosed diabetes in adults Ͼ20 yr old was 8.2% for blacks and 4.8% for whites in NHANES III. 27 The combination of diabetes and hypertension is about three times more common in blacks than in whites. This differential prevalence of hypertension and diabetes certainly suggests the higher risk of ESRD development in blacks. We were unable to control for individual hypertension and diabetes history because these data were not available to us. This is certainly a limitation of the study. However, a number of earlier studies investigating whether higher CLINICAL EPIDEMIOLOGY www.jasn.org prevalence of these conditions in blacks was the major factor accounting for their higher ESRD risk came to a similar conclusion: Racial differences in ESRD incidence can not entirely be explained by differences in the prevalence of diabetes and hypertension. 3, 4, 28, 29 In addition to the potential for uncontrolled confounding by individual SES, diabetes, and hypertension, and possibly other individual level factors as described above, this study may also be limited by the fact that administrative units (CTs) may be not an ideal proxy for residential neighborhood. Furthermore, the study design does not allow us to address the issue of residential mobility or residential selection.
Another limitation of our study is that analysis was performed on the data from three southeastern states, and thus the results should be generalized with caution. We were not able to perform analysis using the nation-wide data because we only had access to the geocoded Network 6 ESRD surveillance data set. Geocoding all ESRD surveillance data would prove useful for future health disparities research.
The strength of our study is that we used population-based surveillance data from the three southern states, and thus the population was large and minorities were well represented. We used CTs as geographic units of analysis as opposed to larger areas, such as counties or zip codes. CTs are more homogeneous on social factors likely to confound the relationship between ESRD incidence and race (i.e., possibility for residual confounding is diminished) and are more appropriate proxies for social context and environmental exposures. The multilevel modeling approach used in this study incorporated information from subjects and CTs into a single analysis, providing the estimates that are adjusted for clustering of individuals within neighborhoods.
In conclusion, we found that neighborhood poverty was strongly associated with ESRD incidence in both blacks and whites. Furthermore, racial disparity in ESRD incidence (absolute difference in ESRD rates between blacks and whites) was more pronounced in poorer neighborhoods. Finally, racial disparity in disease incidence persisted across all levels of neighborhood poverty, even in the least impoverished neighborhoods. Further research is needed to investigate the pathways by which socioeconomic factors may affect ESRD risk in blacks and whites and how this effect may be ameliorated. Identifying potentially modifiable neighborhood factors affecting ESRD risk in blacks and whites is appealing because it might result in developing and targeting prevention strategies that are more practical and easier to implement than individual level interventions.
CONCISE METHODS

Selection of Geographic Unit and Socioeconomic Measure for Analysis
We selected CTs as the geographic unit of analysis. CTs are small (4000 inhabitants on average), relatively permanent statistical subdivisions of counties that are "designed to be homogeneous with respect to population characteristics, economic status, and living conditions" 30 and are used by local and federal governments as administrative units for program planning and resource allocation. Consequently, CTs have been used as the unit of analysis in a number of studies of neighborhood effects on health. [31] [32] [33] The measure of CT economic deprivation selected for this analysis was percentage of its population living below the poverty level. Previous research showed that this measure meaningfully summarized important aspects of the neighborhood socioeconomic conditions and consistently detected socioeconomic gradients across a wide range of health outcomes. [32] [33] [34] [35] To determine the poverty level, the Census Bureau uses a set of money income thresholds that vary by family size and composition. For example, the poverty level for a family of two adults and two children was $16,895 in 1999. Of note, the Census Bureau defines poverty areas as CTs or block numbering areas where at least 20% of residents live below the poverty level.
Data
Deidentified data on all incident patients who started renal replacement therapy in Georgia, North Carolina, and South Carolina dialysis facilities between January 1998 and December 2002 were obtained from ESRD Network 6. Network 6 is a part of a national system of ESRD networks maintaining the universal population-based ESRD registry for monitoring quality of the Medicare ESRD Program.
We used demographic data from the Centers for Medicare & Medicaid Services (CMS) Medical Evidence Report form (CMS-2728) 36 completed by dialysis facilities within the network on all incident dialysis patients. Data included gender, race, age, and residential address, which was geocoded (converted to latitude and longitude) so that each patient could be placed in the appropriate CT. Data on race could be either self-reported by the patient or selected by the staff completing CMS-2728 form. The incident patient counts cross-tabulated by CT, age, race, and gender constituted the numerator data for rates calculation.
Age-race-gender-specific population estimates for each CT in Georgia, North Carolina, and South Carolina for the year 2000 were obtained from the US Census Bureau Summary File 1. 30 We used these estimates to derive the denominators for rates calculation. Of note, race is self-reported in the US Census. Finally, for each CT we derived the proportion of population living below the poverty level in 1999 using the data from the US Census Bureau Summary File 3. 30 
Exclusions
We excluded patients Ͻ20 yr of age and those whose race was neither black nor white because of the relatively small number of patients in these age and race categories. The ArcView Geographic Information System (Environmental Systems Research Institute, Inc., Redlands, CA) was used to allocate patients to CTs using their geocoded residential addresses. We excluded patients who began dialysis in Network 6 facilities but who resided in CTs outside of Georgia, North Carolina, or South Carolina.
Statistical Analyses
Eligible incident ESRD patients were grouped into 80,960 strata corresponding to five age groups (20 to 39 yr, 40 to 49 yr, 50 to 59 yr, 60 to 69 yr, and Ն70 yr), two gender groups, and two race groups within each of the 4048 CTs in three states. The population of the states in 2000 was also stratified by these same factors. The CT-agerace-gender strata with zero population counts (i.e., no residents) in 2000 were excluded, resulting in a total of 75,363 cells. Each cell had the number of incident ESRD cases in 1998 -2002 in the numerator and 2000 US Census population estimates multiplied by 5 yr of observation in the denominator.
The main outcome of interest was all-cause ESRD incidence, and the exposure of interest was race. Rates were modeled using the two-level Poisson regression. Age and gender were individual covariates (level 1), and percentage of the CT population living below poverty level was a neighborhood covariate (level 2). For the purposes of analysis, six categories for neighborhood poverty were created: CTs with Ͻ5%, 5% to 9.9%, 10% to 14.9%, 15% to 19.9%, 20% to 24.9%, and Ն25% of the population living below the poverty level (the last two categories meet the federal definition of poverty areas).
We fitted a series of models to meet the study objective. Model 1 included fixed parameters for patient race, age, and gender and was used to obtain the average B:W RR for ESRD conditional on individual age and gender. In addition to the parameters in model 1, model 2 included a random effect for CT, which allowed evaluation of the racial disparity in ESRD taking into account clustering of individuals within CTs. Model 3 added a random effect for patient race by CT to see whether racial differences in ESRD incidence varied across neighborhoods. Finally, model 4 was fitted to see whether there was a differential association of neighborhood poverty with ESRD risk among blacks and whites. Model 4 was constructed by adding to the model 3 CT poverty categories and including a cross-level interaction term between race and neighborhood poverty. Model 4 was then used to examine the pattern of the association between ESRD incidence and neighborhood poverty in blacks and whites, adjusting for demographics and allowing for correlations. Model-predicted ESRD incidence rates across six levels of neighborhood poverty by race were calculated and plotted for selected age and gender categories.
The statistical significance of the random parameters in models 2, 3, and 4 was tested using the approximate likelihood ratio test. 37 All analyses were performed using SAS package version 9.0 (SAS Institute, Inc., Cary, NC). The two-level Poisson models were fitted using the NLMIXED procedure. The study was approved by the Emory University Institutional Review Board on December 30, 2004. 
